Microleakage in contemporary esthetic restorations following cyclic wet-dry storage  by Abdelaziz, Khalid M. et al.
The Saudi Journal for Dental Research (2016) 7, 81–90King Saud University
The Saudi Journal for Dental Research
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLEMicroleakage in contemporary esthetic restorations
following cyclic wet-dry storage* Corresponding author at: Department of Restorative Dental Sciences, College of Dentistry, King Khalid University, PO Box 326
61471, Saudi Arabia. Tel.: +966 172418044, Cell Phone: +966 530870912; fax: +966 172418066.
E-mail addresses: bedie001@yahoo.com, kmbder@kku.edu.sa (K.M. Abdelaziz).
Peer review under responsibility of King Saud University.
Production and hosting by Elsevier
http://dx.doi.org/10.1016/j.sjdr.2016.02.001
2352-0035  2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Khalid M. Abdelaziz *, Naif N. Abogazalah, Wael El-malkyDepartment of Restorative Dental Sciences, College of Dentistry, King Khalid University, Abha, Saudi ArabiaReceived 11 September 2015; revised 7 January 2016; accepted 21 February 2016
Available online 22 March 2016KEYWORDS
Microleakage;
Esthetic restoratives;
Adhesives;
Storage;
InterfaceAbstract Objective: To compare the incidence of microleakage associated with contemporary
esthetic restorative-adhesive systems following cyclic wet and dry storage as a representation to
the dry mouth condition. Methods: Standardized cervical cavities in both buccal and lingual sur-
faces of 100 extracted human premolars were restored in 10 groups (n= 10 with 20 cavities) using
7 contemporary esthetic restoratives and 3 adhesive systems following their manufacturers’ instruc-
tions. Cavities in groups 1–3 were restored with self-adhesive restoratives; conventional glass-
ionomer (GI) (Ketac Molar Aplicap), resin modified glass-ionomer (RMGI) (Vitremer) and self-
adhesive flowable composite (SAFC) (Fusio Liquid Dentin). Conventional flowable (FC) (Filtek
Z350 Flow), nano-hybrid (HC) (Filtek Z250 XT) and nano-filled (NC) (Filtek Z350 XT)
methacrylate-based composites were used in conjunction with total-etch, 2-step adhesive (Adper
Single Bond 2) to restore cavities in groups 4–6. The same restoratives were also used to restore cav-
ities in groups 8–10 in the presence of self-etch, 1-step adhesive (Adper Easy One), while cavities in
group 7 were restored with silorane-based composite (Filtek P90) together with its specific adhesive
system. Five restored teeth from each group (10 cavities) were subjected to cyclic storage in wet and
dry environment, each for 12 h/day and for a total period of 30 days, while the other 5 were tested
with no cyclic storage to serve as control. Using dye penetration technique, the associated
microleakage was then scored from 0 to 4 for all restorations according to the depth of dye pene-
tration at both occlusal and gingival interfaces. The incidences of each score were recorded in per-
centages and the numerical microleakage data were statistically analyzed using Kruskal–Wallis and
Mann–Whitney comparisons at a= 0.05 to stand on the significance of differences detected
between groups. Results: All restorative systems showed incidences of microleakage before and
following cyclic storage in wet and dry environment with no specific manner declared for any.
Statistical analysis of the scored data revealed no difference between different restorative systems
under no storage condition, however HC, S and FC in groups 5, 7 and 8 showed higher rates of3, Abha
82 K.M. Abdelaziz et al.microleakage when subjected to cyclic wet-dry storage (Mann–Whitney, P< 0.05). No significant
effect of storage was declared on any of the tested restorative systems (Kruskal–Wallis, P> 0.05).
For each restorative system, no significant difference (Kruskal–Wallis, P> 0.05) was recorded
between microleakage values recorded at occlusal and gingival interfaces. Conclusion: Occlusal
and gingival sealing ability of flowable resin composite bonded with self-etch, 1-step adhesive is
the most affected following cyclic wet-dry storage. Selection of such restorative option accordingly
is not suggested for patients suffering from dry mouth.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Many types of esthetic restoratives have achieved clinical
acceptance throughout the few last decades. These materials
have the ability to achieve restorations with respectable clinical
and esthetics performance.1–4 Recent improvement in materi-
als’ science and technology led to the development of contem-
porary modified restoratives and adhesives with excellent
sealing abilities. Resin modification of glass-ionomer (GI)
restorative offset many drawbacks of that self-adhesive mate-
rial.5 On the other hand, the simplified application of the
lightly-filled flowable resin composites,5,6 was encouraging to
introduce its self-adhesive version.7,8 In addition, considering
nano-fillers and silorane resin technologies in composite for-
mulations helped produce minimally-shrink restoratives with
acceptable physical properties.3–5,9–11
Several clinical and laboratory studies3,4,7,8,10,11 revealed an
acceptable performance of the self-adhesive and minimally-
shrink restoratives, although their success is referred to many
factors including quality bonding to tooth structure. The
desired bonding quality is usually achieved when laboratory
tests indicate acceptable bond strength and resistance to
microleakage at tooth-restorative interfaces.10 Current total-
etch and self-etch adhesive systems usually show acceptable
bonding and microleakage resitance.5,12–18 Low rates of
microleakage was also observed in silorane-based composite
restorations when its specific self-etch adhesive system was
used in company following the manufacturer’s
recommendation.19
Certain medical conditions such as Sjogren’s syndrome,
AIDS, Stroke and Alzheimer’s together with antidepressant
and irradiation therapies are manifested with signs of dry
mouths. Moreover, mouth breathers, in response to continu-
ous in and out air streams, also suffer of intermittent periods
of dry mouths. This situation may result in dryness and in
some instances contraction of intra-oral tissues including den-
tal restorations. Dryness of such restoration could, in turn,
enhance their degradation and solubility. In addition, stresses
may develop at restoration-tooth interfaces as a result of
exchanging wet and dry situations. Those cumulative condi-
tions may weaken the restorative-tooth bond and accordingly
contribute to the process of microleakage.20–22
The possibility of fluid sorption and subsequent solubility
in contemporary esthetic restoratives and adhesives have previ-
ously been proved, however the adverse effects of fluid uptake
or/and dry out on materials’ dimensions and bonding have not
been declared.9,23–26 In response, the current in vitro study con-
cerned to compare the incidence of microleakage, as an indica-
tor of bonding quality, in different cervical estheticrestorations following swaps of wet and dry storage in repre-
sentation of the dry mouth condition.
2. Materials and methods
One Hundred caries-free premolars were selected out of those
extracted for orthodontic purpose. All teeth were ultrasoni-
cally cleaned (Pro-Sonic 300 MTH, Sultan Chemists Inc,
Englewood, NJ) to remove all surface deposits. Each tooth
then received two standardized truncated-shaped cervical cav-
ities (3 mm in outer diameter, 1.5 mm in inner diameter and
1.5 mm deep) on its buccal and lingual surfaces. Number
001/018 round burs (DIA-BURS BR31, Mani Inc., Tochigi,
Japan) were used to start those cavities at the enamel-
cementum junction. The preparation continued using double
truncated cone diamond tips (#039/032 DIA-BURS EX11,
Mani Inc., Tochigi, Japan) till a standardized depth is
achieved. The drilling depth was adjusted to the full height
of the terminal cone of the diamond tip (Fig. 1). The use of
the selected tips helped produce cavities with flat axial walls,
outward diverged side walls, and cavo-surface margins with
no bevels (Fig. 1). All teeth were then classified into 10 test
groups (10 teeth with 20 cavities each) according to the
restorative-adhesive combination used to restore the previ-
ously prepared cavities. The details of materials used and the
distribution of test groups are shown in Tables 1 and 2.
Cavities in groups 1–3 were directly restored with self-
adhesive restoratives, conventional glass-ionomer (GI), resin-
modified glass-ionomer (RMGI), and self-adhesive flowable
composite (SAFC), with no adhesive used. GI restorations
were protected for 24 h with a coat of resin adhesive (Adper
Single Bond 2, 3M ESPE, St. Paul, MN) that was exposed
for 10 s to LED curing light having intensity of 1200 mW/
cm2 and wave length of 430–480 nm (Elipar S10, 3M ESPE
AG, Seefeld, Germany) before their finishing. Cavities in
groups 4–6, were filled with methacrylate-based flowable
(FC), nano-hybrid (HC) and nano-filled (NF) resin composite
restoratives respectively. All these restoratives were bonded
into the prepared cavities using total-etch, 2-step adhesive sys-
tem (Adper Single Bond 2, 3M ESPE, St. Paul, MN). The
silorane-based composite restorative (S) (Filtek P90, 3M
ESPE, St. Paul, MN) in group 7 was bonded to the surfaces
of group 7 cavities using its specific self-etching, 2-step bond-
ing system (P90 system adhesive, 3M ESPE, St. Paul, MN).
Cavities in groups 8–10 were respectively restored with the
same previously used methacrylate-based resin composites
(FC, HC and NF). Composite restoratives in those groups
were bonded into cavities using self-etch, 1-step adhesive
system (Adper Easy One, 3M ESPE, St. Paul, MN). All
Figure 1 Preparing standardized cervical cavities. (a) Shape of the used cutting tips, the dotted lines indicate the proposed cavity depth;
(b) reaching the needed cavity depth, arrows indicate the necessary leveling of tip’s height of contour with both enamel and cementum
surfaces; (c) final shape of the prepared cavity.
Microleakage in Contemporary Esthetic Restorations 83restorative and adhesive materials were applied following their
manufacturers’ recommendations shown in Table 1. Glass-
ionomer restorations (G1) were finished and polished 24 h
after their storage in water at 37 ± 1 C using finishing tips
(# 198/018, DIA-BURS TR-13EF, Mani Inc., Tochigi, Japan)
and sequential grit Sof-Lex disks (3M ESPE, St. Paul, MN)
under copious water cooling followed with recoating with
the same protective resin adhesive. Other restorations in
groups 2–10 were immediately fished and polished using the
previously described protocol and stored in water at 37
± 1 C for 24 h before testing the microleakage.
Half the number of restored teeth in each group (5 teeth
with 10 cavities) was randomly selected to serve as control.
These teeth were stored in water at 37 ± 1 C only for 24 h
before conducting the microleakage testing. The rest of
restored teeth in each group (5 teeth with 10 cavities) were sub-
ject to cyclic wet-dry conditioning for 30 successive days. The
Conditioning cycle of all specimens were first started with 12 h
of incubation in water bath at 37 ± 1 C followed with 2 min
of continuous air drying. The air-dried specimens were then
left for additional 12 h in open air at ambient room tempera-
ture (24 ± 1 C). Root apices of all teeth were sealed with util-
ity wax and rounded adhesive batches, 1 mm larger in diameter
than the outer diameter of the performed restorations, were
fixed on each restoration before painting the entire bodies of
all teeth with 2 coats of nail polish that were left undisturbed
for 30 min in open air to set. The adhesive batches were
removed to expose the nail polish-free restorations’ surfaces
immediately before immersing all teeth in a bath of
laboratory-prepared 2% methylene blue solution (Chemistry
Department, College of Science, King Khalid University) at
37 ± 1 C for 24 h.21 Roots of all teeth were cut off using pre-
cision saw machine (ISOMET 1000, Buehler, Lake Bluff, IL)
and their crowns were sectioned in bucco-lingual direction
along the restorations’ mid-plane. The resulted cut surfaces
were then inspected by 2 evaluators under low angle illumina-
tion at X10 magnification to assess the possible microleakage
at restoration-tooth interfaces.
The depth of methylene blue penetration was used to score
the extent of microleakage at each of the occlusal and gingival
interfaces separately for all cavities in each test group. Score 0:
indicates no dye penetration at the restoration-tooth interface;
score 1: indicates dye penetration along either enamel or
cementum thickness; score 2: indicates dye penetration beyond
either dentin-enamel or dentin-cementum junction; score 3:
indicates dye penetration deep along the entire occlusal or gin-
gival cavity wall; and score 4: indicates the presence of dyealong axial cavity wall. Each of the contributing evaluators
assessed one half, either mesial or distal, of the sectioned spec-
imens and the readings of both were considered after calculat-
ing the inter-examiner agreement. The incidence of each score
(%) as well as the mean microleakage values were calculated
for the occlusal and gingival interfaces of all restorations in
each test group. Further data analysis using Kruskal–Wallis
test and Mann–Whitney pairwise comparisons (a= 0.05)
was considered to prove the differences detected (if any) within
and between test groups.
3. Results
The incidence (%) of microleakage scores detected at both
occlusal and gingival cavity interfaces in all groups is presented
in Table 3, while the mean numerical values ± standard devi-
ations of microleakage are presented in Table 4. An 80%
agreement between records of both evaluators led to the inclu-
sion of their results for further analysis. All restorative-
adhesive systems in both control (Subjected to no cyclic stor-
age) and test (subjected to cyclic storage) groups showed sorts
of microleakage at occlusal and gingival interfaces of restored
cavities, however the recorded incidences of each microleakage
score varied between groups (Table 3). For the control groups,
the highest percentages (60–70%) of no leakage (Score 0,
Fig. 2a) were noticed at occlusal interfaces of cavities restored
with GI, RMGI, SAFC, S and NC in groups 1–3, 7 and 10
respectively, and at the gingival interfaces of cavities restored
with GI and SAFC in groups 1 and 3. Half the number of cav-
ities (50%) in groups 4–6 also showed no microleakage along
their occlusal interfaces, and the same incidences were
recorded for the gingival interfaces of cavities in groups 2, 5,
7 and 10. The detected percentages of the common microleak-
age scores (scores 1 and 2, Fig. 2b and c) were varied from
30% to 60% for both occlusal and gingival interfaces. Score
2 microleakage (Table 3) percentages appeared to have lower
incidences in all groups either at occlusal (10–20%) or gingival
(10–30%) interfaces. The worst microleakage scores (score 3
and 4) were not shown (0%) at either occlusal or gingival inter-
faces in all cavities that belong to the control groups. For the
test groups, no signs of microleakage (score 0) were detected
along both occlusal and gingival interfaces of some cavities
in all test groups. Both GI and NC restorations in groups 1
and 10 showed the highest percentages of no leakage (60–
70%) at both cavity interfaces, while 60% of cavities restored
with SAFC also exhibited a comparable resistance to
microleakage only along their occlusal interfaces. The worst
Table 1 Materials used.
Material’s
name and
manufacturer
Description Composition Manufacturer’s recommended application
I. Restorative materials
Ketac Molar
Aplicap
3M ESPE,
St. Paul, MN
(GI)
Self-adhesive,
conventional glass-
ionomer restorative
Powder: ultrafine radiopaque aluminum–
calcium–lanthanum–fluorisilicate glass, 5%
spray dried ESPE polycarbonate acid (a
copolymer from acrylic and maleic acid)
– Treatment tooth surfaces with the provided
conditioner for 10 s followed by washing
– Activation of caps for 2 s before their auto-
matic mixing for 15 s. Application of mixed
material in bulk followed with agitation and
adaptation against cavity walls. Removal of
excess should be done after reaching the ini-
tial setting using sharp instrument. Exposed
material should be protected using the pro-
vided varnish or resin adhesive
Liquid: aqueous solution of polycarbonic acid
and tartaric acid
Vitremer
3M ESPE,
St. Paul, MN
(RMGI)
Self-adhesive, tri-cure
resin-modified glass-
ionomer core build-up/
restorative
Powder: radiopaque, fluoroaluminosilicate
glass, microencapsulated potassium persulfate,
ascorbic acid and small amounts of pigments
– Brushing of cavity walls with Vitremer primer
for 30 s followed with 15 s of gentle air drying
and light cure for 20 s.
– Hand mixing of material’s powder and liquid
for 45 s using the provided dispenser to syr-
inge mixed material into cavities, agitate
and adapted onto cavity margins, and light
cure for 40 s. Finishing and polishing was
done after curing
Liquid: light sensitive, aqueous solution of a
polycarboxylic acid modified with pendant
methacrylate groups, water, HEMA and
photoinitiators
Primer: The components of the primer are
similar to those of the Vitremer liquid
Finishing gloss: single component, light cure
dental resin
Fiuso Liquid
Dentin
Pentron
Clinical,
Orange, CA
(SAFC)
Self-adhesive flowable
composite
Methacrylate monomer with carboxylic acid
groups, 4-META (4-methacryloxyethyl
trimellitic acid)-based, nano-sized amorphous
silica and glass fillers
– Syringing composite material into tooth cav-
ity in 2 increments; each should be agitated
for 20 s and light cured light for 10 s
Filtek Z350
XT Flow
Restorative
3M ESPE,
St. Paul, MN
(FC)
Nano-filled,
Methacrylate-based
flowable composite
BisGMA, TEGDMA and BIS-EMA resins.
65 wt% of 75 nm diameter non-agglomerated/
non-aggregated silica nanofiller, 5–10 nm
diameter non-agglomerated/non-aggregated
zirconia nanofiller, and loosely bound
agglomerated zirconia/silica nanocluster,
consisting of agglomerates of 5–20 nm primary
zirconia/silica particles. And the average cluster
size of 0.6–1.4 lm
– Application of proper resin adhesive
– Syringing composite material in 2 increments,
each should be agitated and adapted against
cavity walls before light curing for 20 s
Filtek Z250
XT
3M ESPE,
St. Paul, MN
(HC)
Nano-hybrid,
methacrylate-based resin
composite
BIS-GMA, UDMA, BIS-EMA, PEGDMA and
TEGDMA resins. Total inorganic filler loading
of 81.8 wt%. fillers particle size is 20 nm for
silica particles and 0.1–10 lm for zirconia/silica
particles
– Composite was applied in 2 increments to fill
cavities following the application of the
proper adhesive.
– Each increment should be adapted against
cavity walls and light cured for 20 s
Filtek Z350
XT
restorative
3M ESPE,
St. Paul, MN
(NF)
Nano-filled,
methacrylate-based resin
composite
BIS-GMA, UDMA, BIS-EMA, PEGDMA and
TEGDMA resins. The fillers are a combination
of non-agglomerated/non-aggregated 20 nm
silica filler, non-agglomerated/non-aggregated
4–11 nm zirconia filler, and aggregated zirconia/
silica cluster filler (comprised of 20 nm silica
and 4–11 nm zirconia particles). The inorganic
filler loading is about 72.5–87.5 wt%
– Composite was applied in 2 increments to fill
cavities following the application of the
proper adhesive
– Each increment should be adapted against
cavity walls and light cured for 20 s
Filtek P90
3M ESPE,
St. Paul, MN
(S)
Hybrid, silorane-based
resin composite
3,4-Epoxycyclohexylethylcyclo-
polymethylsiloxane, Bis-3,4-
epoxycyclohexylethyl-phenylmethylsilane, 76 wt
% silanized quartez, yettriumfluoride with
particle size of 0.1–2.0 lm
– Composite was applied in 2 increments to fill
cavities following the application of the
proper adhesive.
– Each increment should be adapted against
cavity walls and light cured for 20 s
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Table 1 (continued)
Material’s
name and
manufacturer
Description Composition Manufacturer’s recommended application
II. Adhesive systems
Adper Single
Bond 2
3M ESPE,
St. Paul, MN
Total-etch, 2-step
adhesive system
Scotchbond Universal etchant: 35% phosphoric
acid gel
– Application of universal etchant gel for 15 s,
Rinse for 10 s, blot excess water with cotton
pellet
– Application of 2–3 coats of adhesive, immedi-
ately after water plotting, for 15 s with gentle
agitation using microbrush, air thinning for
5 s to evaporate solvent, light cure for 10 s
Liquid adhesive: Bis-GMA, HEMA,
dimethacrylates, ethanol, water, a novel
photoinitiator system and methacrylate
functional copolymer of polyacrylic and
polyitaconic acids
Silorane
composite-
specific
adhesive
3M ESPE,
St. Paul, MN
Self-etch, 2-step adhesive
system
Self-etch primer: Phosphoric acid-
methacryloxy-hexylesters mixture, 1,6-
hexanediol dimethacrylate, copolymer of acrylic
and itaconic acids, phosphine oxide,
(dimethylamino) ethyl methacrylate, Bis-GMA,
HEMA, water, ethanol, camphroquinone, 8–
12 wt% silane-treated silica filler with 7 nm
primary particle size
– Application of self-etch primer, rubbing for
15 s, gentle air drying, light cure for 10 s
– Agitate the bonding resin in its container well
before its application against the cured pri-
mer with microbrush, air thinning, light cure
for 10 s
Bonding resin: substituted dimethacrylate,
TEGDMA, phosphoric acid methacryloxy-
hexylesters, 1,6 1,6-hexanediol dimethacrylate,
camphroquinone, 5–10 wt% silane-treated silica
filler
Adper Easy
One
3M ESPE,
St. Paul, MN
Self-etch, 1-step adhesive
system
HEMA, Bis-GMA, methacrylate phosphoric
esters, 1,6-hexanediol dimethacrylate,
Methacrylate functionalized polyalkenoic acid,
Finely dispersed bonded silica filler with nm
primary particle size, ethanol, water, initiator-
based on camphroquinone, stabilizers
– Application of the single-component liquid,
gentle agitation for 20 s using a microbrush,
air drying for 5 s, light cure for 10 s
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Fig. 2d) was confined to only 10% of cavities restored with
FC in group 8, while the most aggressive sign of microleakage
(score 4) was not detected (0%) for any of the tested restora-
tives in all test groups.
Statistical analysis of the numerical microleakage values
indicated no significant differences between all control groups
(Kruskal–Wallis, P= 0.6404 and 0.6259) at both occlusal and
gingival interfaces. The Mann–Whitney pairwise comparisons
also confirmed no significant differences between occlusal and
gingival pairs of values in each of the control groups (Table 4).
Mann–Whitney pairwise comparisons also revealed no differ-
ences between the microleakage values of the same composite
restoratives (FC, HC, NF) bonded either with total-etch adhe-
sive in groups 4–6 or self-etch adhesive in groups 8–10
(P= 0.2729, 0.5505and 0.6934 for occlusal interfaces; and
P= 0.1557, 0.5505 and 0.8646 for gingival interfaces).
On the other hand, the initial analysis of the microleakage
data collected following cyclic wet-dry cycling revealed signif-
icant differences between test groups (Kruskal–Wallis,
P= 0.02844 and 0.04778) at both occlusal and gingival inter-
faces. Further analysis using Mann–Whitney pairwise compar-
isons showed significantly higher microleakage values at
occlusal interfaces of cavities restored with FC in group 8 in
comparison to cavities of other test groups (P< 0.05). How-
ever this difference was not significant for cavities restored
with RMGI, S and HC restoratives in groups 2, 7 and 9(P= 0.05655, 0.08589 and 0.03986). Meanwhile, cavities
restored with both GI and NC in groups 1 and 10 exhibited
significantly lower microleakage values at their gingival inter-
faces than those restored with HC, S and FC in groups 5, 7
and 8 (Mann–Whitney, P= 0.03182, 0.04655 and 0.009749
for GI; and P= 0.03182, 0.04655 and 0.009749 for NC). Gin-
gival microleakage was also significantly lower in cavities
restored with NC in-group 6 than that noticed for group 8 cav-
ities with FC restorations (Mann–Whitney, P= 0.03025).
Mann–Whitney pairwise comparisons also revealed no differ-
ences between the gingival microleakage of the same composite
restoratives (FC, HC, NF) bonded either with total or self-etch
adhesive (groups 4–6 Vs groups 8–10) (P= 0.09344, 0.8226
and 0.398). Although HC and NF in groups 5 and 6 showed
no difference in the occlusal microleakage values from the
same restoratives in groups 9 and 10 (P= 0.9301 and 0.398),
FC in group 4 exhibited lower values of occlusal microleakage
than the same in group 8 (P= 0.03986).
On the other hand, none of the tested restoratives in all test
groups showed significant difference between microleakage
values registered at the occlusal and the gingival cavity inter-
faces (Mann–Whitney, P> 0.05). Additionally, no statistical
difference was confirmed between microleakage values
recorded for occlusal and gingival interfaces of the control
groups (subjected to no storage) and their test (following cyclic
storage) counterparts (Mann–Whitney, P= 0.2157 and 0.2224
for occlusal and gingival interfaces).
Table 2 Distribution of test groups.
Groups Restorative Categories Restorative materials Adhesive systems
1 Self-adhesive restoratives Conventional glass-ionomer (GI) None
2 Resin-modified glass-ionomer (RMGI)
3 Self-adhesive flowable composite (SAFC)
4 Methacrylate-based composite restoratives Nano-filled flowable composite (FC) Total-etch, 2-step adhesive
5 Nano-hybrid composite restoratives (HC)
6 Nano-filled composite restoratives (NF)
7 Silorane-based composite restoratives Hybrid composite restoratives (S) Self-etch, 2-step silorane-specific adhesive
8 Methacrylate-based composite restoratives Nano-filled flowable composite (FC) Self-etch, 1-step adhesive
9 Nano-hybrid composite restoratives (HC)
10 Nano-filled composite restoratives (NF)
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The increasing esthetic demand of dental patients always keeps
scientists and dental manufacturers in continuous search for
materials that mimic the tooth characteristics and withstand
different in-service environment.5 Although many esthetic
restoratives almost satisfy the requested demands, a part of
their success is dependent on their effective bonding to natural
tooth substrates.1–4 The adverse effect of cyclic wetting and
drying, like in mouth breathing and dry mouth conditions,
was observed on some restorative materials with possible
stressing on restoration-tooth bonding.20–22 Therefore, this
in vitro study aimed to compare the effect of cyclic wet-dry
storage on bonding different esthetic restorations. Depending
on its popularity for such purpose, the laboratory assessment
of microleakage was selected to indicate the bonding quality
and survival of sealing at tooth-restorative interfaces following
swaps of wet and dry storage. The common dye penetration
method was chosen to carry out the proposed assessment
due to its close resemblance to what restorations are facing
during their actual clinical service.27,28 However, scoring of
microleakage in all test groups was carried out for the occlusal
and the gingival walls of the restored cavities separately aiming
to declare the further influence of different marginal tooth sub-
strates (either enamel or cementum) on the sealing ability of
the tested restorative systems.
The chemically-different GI, RMGI, and SAFC, were con-
sidered in this study to actually represent all the commercially-
available self-adhesive restoratives. Those materials are
claimed to provide direct bonding to tooth-tissue with no need
for resin adhesive and lower incidence of application errors
accordingly. Results of one study29 indicated comparable
microleakage in class V cavities restored with GI or RMGI
and resin composite, while results of another30 revealed satis-
factory bonding and sealing potentials of self-adhesive flow-
able composite in class I cavities. Those outcomes surely
support the results of the current study that indicated similar
microleakage in cavities restored with the recruited self-
adhesive restoratives at occlusal and gingival interfaces of
restored control cavities. Conditioning/priming of the tooth
tissues before the application of both GI and RMGI provided
direct, undisturbed contact of the freshly-mixed materials to
debris-free cavity surfaces. Moreover, the flow and adaptation
of the 3 self-adhesive materials onto tooth tissue were achieved
following the syringing and agitation procedures and inresponse to their compositional and thixotropic natures.31
Moreover, the time utilized to agitate the uncured restoratives
can allow for fair interaction and subsequent adhesion of those
materials to tooth tissues in contact.
None of the reviewed studies denied the occurrence of
microleakage in cavities restored with different types of resin
composites.32–34 Additionally, some authors reported no sig-
nificant differences in microleakage observed for different
types of resin composites.10,35 Findings of these studies came
in agreement with the results of the present in vitro study that
showed some incidence of microleakage with no statistical dif-
ference between the control cavities restored with different
composite restoratives in groups 4–10 (Table 3). The non-
sensible difference probably related to the minimal-shrink nat-
ure of composites tested. All 3 methacrylate-based materials
contain nano-sized particles (Table 1) that usually help reduce
the overall composite’s polymerization contraction. In parallel,
the hybrid silorane-based composite with its unique ring-
opening polymerization is known to be the best in terms of
minimal shrinkage.3–5,9–11 The characteristic minimal polymer-
ization shrinkage of the utilized composites certainly helped
minimize the amount of stresses developed at restoration–
tooth interfaces and in turn could be behind the comparable
microleakage results declared for all the tested composite
restorative systems.36 On the other hand, the use of modern
adhesives with their known bonding performance additionally
shared in achieving no difference in the incidence of microleak-
age declared for each of the bonded restorations. The proper
application of the selected adhesives following the manufactur-
ers’ instructions has a great role in achieving the recorded
results. Findings of some studies37–39 indicated that adhesives
of different categories usually declare no difference in terms
of the associated microleakage when used with experienced
operators, although that finding should be confirmed
clinically.
In spite of the insignificant microleakage differences
detected between restorations of the control groups, bonding
flowable resin composite with self-etch adhesive (FC in group
8) showed the highest microleakage values following wet-dry
storage at both occlusal and gingival interfaces. This finding
could be referred to the relative higher percentage of material’s
resinous matrix (Table 1) that adversely reflected on the rate of
composite’s polymerization contraction and water sorption/
dry out.5 This kind of undesirable features could develop
stresses at the restorative-tooth interface that could not be
Table 3 Incidence (%) of microleakage in different groups.
Test Groups Incidences (%) of microleakage
No storage (control) Cyclic wet-dry s rage
Occlusal interface Gingival interface Occlusal interfa Gingival interface
Score
0
Score
1
Score
2
Score
3
Score
4
Score
0
Score
1
Score
2
Score
3
Score
4
Score
0
Score
1
S re
2
Score
3
Score
4
Score
0
Score
1
Score
2
Score
3
Score
4
Group 1 GI Self-adhesive 70 30 0 0 0 60 30 10 0 0 60 40 0 0 0 70 30 0 0 0
Group 2 RMGI 60 30 10 0 0 50 30 20 0 0 50 30 2 0 0 50 40 10 0 0
Group 3 SAFC 60 30 10 0 0 60 30 10 0 0 60 20 2 0 0 50 40 10 0 0
Group 4 FC Total-etch, 2-step adhesive 50 40 10 0 0 40 60 0 0 0 40 50 1 0 0 40 50 10 0 0
Group 5 HC 50 50 0 0 0 50 50 0 0 0 30 70 0 0 0 20 80 0 0 0
Group 6 NC 50 50 0 0 0 50 40 10 0 0 50 50 0 0 0 50 50 0 0 0
Group 7 S Self-etch, 2-step specific
adhesive
60 40 0 0 0 40 40 20 0 0 40 40 2 0 0 30 40 30 0 0
Group 8 FC Self-etch, 1-step adhesive 30 50 20 0 0 20 50 30 0 0 10 40 4 10 0 20 30 40 10 0
Group 9 HC 40 60 0 0 0 40 50 10 0 0 40 50 1 0 0 30 50 20 0 0
Group
10
NC 60 40 0 0 0 50 40 10 0 0 70 30 0 0 0 70 30 0 0 0
GI: conventional glass-ionomer; RMGI: resin-modified glass-ionomer; SAFC: self-adhesive methacrylate-based flowable composite; FC: no-filled, methacrylate-based flowable composite; HC:
nano-hybrid, methacrylate-based composite; NC: nano-filled, methacrylate-based composite; and S: hybrid, silorane-based composite.
Score 0: no leakage; score 1: leakage along enamel/cement thickness; score2: leakage extends beyond dentin-enamel/dentin-cementum ju tion; score 3: leakage along the entire occlusal/gingival
cavity interface; and score 4: leakage reaches the axial cavity interface.
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Table 4 Mean microleakage values in different groups.
Test groups Microleakage at cavity interfaces
No storage (control) Cyclic wet-dry storage
Occlusal interface Gingival interface Occlusal interface Gingival interface
Group 1 GI Self-adhesive 1.3 ± 0.48a* 1.5 ± 0.67a* 1.4 ± 0.51a* 1.3 ± 0.45a*
Group 2 RMGI 1.5 ± 0.70a* 1.7 ± 0.78a* 1.7 ± 0.82ab* 1.6 ± 0.66a*
Group 3 SAFC 1.5 ± 0.70a* 1.5 ± 0.67a* 1.6 ± 0.84a* 1.6 ± 0.66a*
Group 4 FC Total-etch, 2-step adhesive 1.6 ± 0.69a* 1.6 ± 0.48a* 1.7 ± 0.67a* 1.7 ± 0.64ac*
Group 5 HC 1.5 ± 0.52a* 1.5 ± 0.50a* 1.7 ± 0.48a* 1.8 ± 0.40bc*
Group 6 NC 1.5 ± 0.52a* 1.6 ± 0.66a* 1.5 ± 0.52a* 1.5 ± 0.50a*
Group 7 S Self-etch, 2-step specific adhesive 1.4 ± 0.51a* 1.8 ± 0.74a* 1.8 ± 0.78ab* 2.0 ± 0.77b*
Group 8 FC Self-etch, 1-step adhesive 1.9 ± 0.73a* 2.1 ± 0.70a* 2.5 ± 0.84b* 2.4 ± 0.91bc*
Group 9 HC 1.7 ± 0.67a* 1.7 ± 0.64a* 1.7 ± 0.67ab* 1.9 ± 0.70ac*
Group 10 NC 1.4 ± 0.51a* 1.6 ± 0.66a* 1.3 ± 0.48a* 1.3 ± 0.45a*
GI: conventional glass-ionomer; RMGI: resin-modified glass-ionomer; SAFC: self-adhesive methacrylate-based flowable composite; FC: nano-
filled, methacrylate-based flowable composite; HC: nano-hybrid, methacrylate-based composite; NC: nano-filled, methacrylate-based com-
posite; and S: hybrid, silorane-based composite.
Higher numerical values indicates higher incidence of microleakage.
Same superscript letters in each column indicate no significant differences between pairs of groups for each interface separately (Mann–Whitney,
P> 0.05).
Presence of * within a row indicates no significant difference between pairs of values within the same group. (Mann–Whitney, P> 0.05).
Figure 2 Scores of microleakage detected in different esthetic restorative systems. (a) Score 0: no leakage; (b) score 1: leakage along
enamel/cement thickness; (c) score 2: leakage extends beyond dentin-enamel/dentin-cementum junction; and (d) score 3: leakage along the
entire occlusal/cervical interface.
88 K.M. Abdelaziz et al.counteracted by the lower efficiency of self-etch adhesive bond
to tooth substrates.5,40,41 Both HC and S also showed higher
microleakage at the gingival interfaces in comparison to other
restoratives. This finding could also be a result of the compo-
sitional nature of these materials (Table 1) as they contain lar-
ger fillers with relatively lower surface area which allow for
more water sorption/dry out by methacrylate resin matrices
and probably weak bonding of silorane adhesive to dentin
and cementum.5,42
For each restorative-adhesive group, results of the current
study revealed no difference between values of microleakage
detected at the occlusal and gingival interfaces. This finding
came in agreement with the results of some studies43,44 and
could be explained by the ability of modern adhesives and
self-adhesive restoratives to provide efficient and equal bond-
ing to different tooth substrates. However, some other stud-
ies45–47 in contrary reported lower leakage in restorations
ended at enamel margins than those ended at dentin or cemen-
tum margins. The reason behind their finding is referred to the
lower bond strength obtained in dentin/cementum with noability to counteract the possible contraction of esthetic
restoratives either on setting or in service.47 In addition, no sig-
nificant effect of wet and dry storage was detected in any of the
tested restorative-adhesive systems (within the same group),
and this could be an exhibition of the minimal dimensional
changes resulted in response to wetting or drying processes.
This postulation could be referred to the presence of self-
protection in those resin-containing restoratives (composites
and RMGI) and to the added resin protection on the exposed
GI surfaces. The presence of that resin protection, somehow,
can interfere with water sorption and drying processes, mini-
mizing the value of stresses developed at tooth-restorative
interfaces accordingly and, at the same time, reducing the
chances of materials’ solubility at the margins of restored cav-
ities.5,31 In spite of the noticed stain absorbed into the outer-
most layers of all restoratives tested, many researchers9,23,31
indicated minimal sorption of resin composites when immersed
in aqueous solution and those directly support the formerly
drawn postulation and the results of the current study
indirectly.
Microleakage in Contemporary Esthetic Restorations 89To override any of the expected conflict, further studies are
recommended to assess the rates of dimensional changes in
each esthetic restorative material following their drying and
wetting in different solutions, and to analyze the stresses devel-
oped at the tooth-restorative interface in response.
5. Conclusion
Within the limitation of this study the following conclusions
can be deduced; Occlusal and gingival sealing ability of flow-
able resin composite bonded with self-etch, 1-step adhesive is
the most affected following cyclic wet-dry storage. Selection
of such restorative option accordingly is not suggested for
patients suffering from dry mouth.
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